Cool-season food legumes (CSFLs) are important supplementary protein sources and soil fertility restorers for subsistence farmers in Ethiopia. Yields of CSFLs, however, are limited by low soil fertility, as they are grown in poor soils, often without fertilizer. Dekoko (Pisum sativum var. abyssinicum) is one of the CSFLs cultivated in Tigray, Northern Ethiopia. It is highly appreciated by the local people for its taste. This paper reports on the effect of phosphorus (P) on the yield and nutrition value of Dekoko under field conditions, and compares the results with those obtained for Ater (Pisum sativum var. sativum). The experiment was conducted in the 1998 and 1999 growing seasons. Three rates of P equivalent to zero, 30, and 60 kg ha )1 P 2 O 5 were tested. Biomass, leaf area index, branches ⁄ plant, pods ⁄ m 2 and yield responded positively while seeds ⁄ pod and seed weight were not significantly affected by P. Tissue P contents in shoots and roots increased with an increase in P application rate, while P in the nodules was not affected. Crude protein (CP) content increased from 24.9 % of dry matter (DM) at P0 to 26.2 % at P2, and from 24.3 % at P0 to 25.2 % at P2, in Dekoko and Ater seeds, respectively, while total sugars decreased with an increase in P application rate. Cysteine in Dekoko and asparagine 3,4 and threonine 3,4 in both varieties decreased, while lysine and other amino acids were not significantly affected by P. P improved seed yield and CP content without greatly affecting the amino acid profile of Dekoko, when compared with that of the FAO ⁄ WHO (1991, Protein Quality Evaluation. Food and Nutrition, Paper 51. FAO ⁄ WHO, Rome) standard pattern of amino acid for children 2-5 years of age. Thus, improving yield through fertilization may help to improve nutritional quality and household food security for subsistence farmers.
Introduction
Ethiopia is the largest producer of cool-season food legumes (CSFLs) in Africa. CSFLs are largely produced by subsistence farmers and serve as supplementary protein sources and soil fertility restorers. Yields are very low, mainly limited by soil fertility (Tsigie and Woldeab 1994) , as CSFLs are cultivated in poor soils, often without fertilization. However, CSFLs require an adequate supply of nutrients for optimum growth and yield (Henry et al. 1995) . Therefore, enhancing the productivity of CSFLs through improved agronomic practice, such as fertilization, may contribute to sustainable crop production in Ethiopia. Among the CSFLs, a pea variety locally called Dekoko (Pisum sativum var. abyssinicum) is cultivated at a few localities in Tigray, Northern Ethiopia. It is highly appreciated by the local people for its taste (Yemane and Skjelva˚g 2002) . Its response to fertilizer phosphorus (P), in terms of seed yield and nutrition content, however, has not been investigated.
P is needed in relatively large amounts by legumes for growth and nitrogen fixation and has been reported to promote leaf area, biomass, yield, nodule number, nodule mass, etc., in a number of legumes (Berg and Lynd 1985 5,6,7 , Pacovsky et al. 1986 5,6,7 , 5,6,7 Kasturikrishna and Ahlawat 1999 . Along with the yield improvements, however, the effect of fertilizer on the nutritional quality of CSFL requires due consideration as this can affect the nutritional quality of people with a cereal based diet. Nitrogen and sulphur fertilizers, for example increased protein contents in peas (Igbasan et al. 1996 , Marzo et al. 1997 . The effect of phosphorus on the nutritional composition of legumes, however, is not well established. Some workers (Bressani and Elias 1980 8 , Marzo et al. 1997) reported an increase in protein content with increased P application rate, while others (e.g. Henry et al. 1995) found no increase in protein content. The objective of this study was therefore to investigate the effects of P on the yield and nutritional value of Dekoko seeds and to compare the results with those obtained for Ater (Pisum sativum var. sativum), which is widely cultivated in Ethiopia.
Materials and Methods

Crop culture
The experiment was conducted in the 1998 and 1999 growing seasons at the Mekelle University campus (Tigray, Northern Ethiopia), at an altitude of 2100 m a.s.l., in a clay loam soil with a pH of 7.2, organic carbon content of 0.65 % and available P level of 5.5 p.p.m. Barley was the preceding crop. Seeds for planting were obtained from farmers living at Betmara (a village 65 km south of Mekelle). The seeds were sown by hand in 2 · 4 m plots with spacing between plants and rows of 10 and 20 cm, respectively. The final plant density was about 50 plants m , designated hereafter as P0, P1 and P2, respectively) were applied in the form of diammonium phosphate (DAP). Nitrogen (N) at the rate of approximately 23 and 11.7 kg ha )1 was applied to P0 and P1, respectively, to ensure each plot received an equal amount of N to that of P2. The sowing dates were 11 and 15 July in 1998 and 1999, respectively. Because of severe hail damage, however, replanting was carried out on 27 July 1999, and the plants were supplemented with irrigation during the flowering and pod-filling phases for Ater and during the pod-filling phase for Dekoko, to reduce the effects of terminal drought. In the 1998 growing season, Ater was also irrigated during the pod-filling phase. Hand-weeding was carried out twice before the plants got entangled with tendrils. The experimental design was a split plot with P application rates as main plots and varieties as subplots and was replicated four times each season.
Harvesting for leaf area and dry weight determination
A total of 20 plants from randomly selected rows from each plot (leaving two rows of plants as border 9 plants) were harvested at first flowering to measure leaf area, dry weight and number of basal branches. Leaf area was measured with a portable leaf area meter (LICOR 10 , type LI-3050A, Lincoln, Nebraska, USA) with a conveyor belt. Dry weights of aerial parts from 20 plants were recorded after drying the samples at 65°C for 72 h in an oven. All recordings were converted to a land area basis by multiplying those of the 20 plants by 2.5 corresponding to a density of 50 plants m )2 .
Roots in cores of soil were harvested. The soil was washed away, and roots and nodules were separated and oven-dried as above for chemical analysis.
Yield and yield components
Plants in a 1-m 2 quadrate at the centre of each plot (which was left untouched until final harvest) were used for recording yield. Seed yield and pods ⁄ m 2 were obtained by collecting all pods from the plants inside each quadrate. Number of seeds ⁄ pod and total biomass were derived from a sample of 20 plants picked from the centre of the quadrates in each plot. The seed weight of 500 seeds taken from the seed lot of each plot was recorded to obtain 1000-seed weight.
Proximate analysis
Oven-dried leaves, stems, roots and nodules were ground. The samples were analysed for total N and P. Air-dried seeds of each variety from treatment-wise compounded seed lots over the 1998 and 1999 growing seasons were decorticated and cotyledons were ground. Chemical features of the cotyledon flour were analysed at the Agricultural University of Norway. For details of the methodology, see Yemane and Skjelva˚g (2002) .
Statistical analysis
The field data were subjected to analysis of variance using the interactions with the main plots and subplots as the error term for P and varietal effects. When the analysis resulted in a significant treatment effect (P £ 0.05), the means were compared using the least significant difference test. Multiple stepwise regression and correlation analyses between seed yield and yield components were also conducted.
Results
Weather conditions of the experimental site The average annual rainfall of Mekelle for 1998 and 1999 was about 570 mm. Most of the rains (about 70-80 %) came in the months of July and August (Fig. 1) . Evaporation exceeded precipitation for most of the year, except for the rainy months. The average maximum and minimum temperatures for weeks 25 to 46 in 1998 and 1999 were 25.4, 25.3, 13.2 and 11.9°C, respectively. The corresponding standard deviations for the weekly records were 1.9 and 1.7, respectively.
Leaf area, number of branches and dry weight of aerial plant parts Dekoko had significantly lower leaf area index (LAI) and biomass than Ater (Table 1) . P fertilization enhanced LAI and biomass significantly. The magnitudes of increments in LAI for P1 and P2, relative to P0, were 30.7 and 46.9 % in Dekoko and 27.8 and 37.3 % in Ater, respectively. The increments in biomass at maturity were 20.1 and 33.5 % in Dekoko, and 17.9 and 26.3 % in Ater at P1 and P2 rates, respectively (Table 2) . Dekoko had a significantly higher number of basal branches ⁄ plant than Ater (Table 1) . P enhanced branching, though the increase was significant only from P0 to P1.
Seed yield and yield components Time taken to maturity was shorter for Dekoko (80 days) than Ater (102 days). Seed yield and seed weight were significantly lower, while number of pods m )2 was significantly higher in Dekoko than in Ater (Table 2 ).
The increase in P rate enhanced yield by 19.2 and 31.1 % in Dekoko, and 12.7 and 21.4 % in Ater at P1 and P2, respectively, relative to P0. The yield improvements from P1 to P2 were, however, not significant. P fertilization also increased number of pods m )2 (Table 2 ). The increments were 23.4 and 34.1 % in Dekoko, and 14.6 and 27.3 % in Ater at P1 and P2 levels, respectively. Seeds ⁄ pod and seed weight were, however, not significantly affected by P application, but the former was slightly higher in Dekoko.
Seed yield was strongly correlated with number of pods in both varieties (r ¼ 0.97 and r ¼ 0.92 for Dekoko and Ater, respectively) 11
. Seeds ⁄ pod was also positively correlated (r ¼ 0.32 and r ¼ 0.23, respectively) but not significantly so. Seed weight, however, showed a negative but non-significant correlation with yield (r ¼ )0.39 and r ¼ )0.12, respectively). Multiple stepwise regressions, in contrast, revealed a positive and significant contribution by all of the three components to yield variation. The partial contributions to the coefficient of determination (R 2 ) were: 0.95, 0.01 and 0.01 in Dekoko and 0.84, 0.08 and 0.04 in Ater for pods ⁄ m 2 , seeds ⁄ pod and seed weight, respectively.
Proximate analysis Nitrogen and P distribution in different plant parts Nodules had the highest relative N and P contents, followed by shoot and roots in that order (Table 3) . P fertilization did not affect N and P contents of nodules, while in the shoots and roots P enhanced tissue N and P contents. No significant variety difference was detected, except for a slightly higher N content in the shoots of Ater.
Seeds. Crude protein (CP), fat, total sugars (TS) and P contents were higher in Dekoko, while starch was significantly higher in Ater (Table 4) . P fertilization increased CP content from 24.9 % of dry matter (DM) at P0 to 26.2 % at P2 in Dekoko, and from 24.4 % at P0 to 25.2 % at P1 in Ater. Corresponding TS, however, decreased with an increase in fertilizer rate. The changes in CP and TS were significant only between P0 and P1. Fertilization did not significantly affect fat and starch contents, although starch demonstrated a decreasing trend in Dekoko. Seed P content significantly increased with an increase in P rate in both varieties. Amino acids. Glutamine, asparagine and arginine occurred in large amounts and made up about 39 % of the total amino acids (Table 5) . Sulphurcontaining amino acids (cysteine and methionine) and tryptophan occurred in the smallest quantities and collectively constituted about 4 % of the total amino acids in Dekoko. Concentrations of sulphurcontaining amino acids were significantly higher (P < 0.002) in Dekoko than in Ater by, on average, more than 28 %.
Histidine and threonine contents were also significantly higher (P < 0.02) in Dekoko than in Ater. Lysine constituted about 7 % of the total amino acids and there was no significant difference between the two varieties.
Sulphur amino acids, mainly cysteine, in Dekoko and threonine and asparagines in both varieties decreased significantly with an increase in P application rate (Table 5 ). There was no significant effect of P on lysine and the remaining amino acids. taken from a compound sample of 2-year yield. P ¼ probability level of F-test for variety. Despite the slight effects of P on the amino acid content of Dekoko, the overall protein quality was not much affected by fertilization and remained much higher than the FAO/WHO (1991) 12 recommended standard pattern for children between 2 and 5 years old.
Discussion
The present work on Dekoko and Ater demonstrated the positive effects of P fertilizer on LAI, and biological and seed yields, which on a relative scale were mostly stronger for Dekoko. The increase in LAI was closely related to the number of branches, which in turn increased the total number of leaves, but it could also be attributable to an increase in leaf expansion rate (Yahiya et al. 1995) . Similar results were also reported by Berg and Lynd (1985) 13
and Pacovsky et al. (1986) for both peas and soybeans.
The increase in biomass with an increase in P application rate could be attributed to an enlarged V,P and V,P are significant variety, fertilizer, and variety and fertilizer effects, respectively. taken from a compound sample of 2-year yield. P ¼ probability level from the analysis of variance for variety differences.
LAI. Leaf area determines the amount of solar radiation intercepted, and consequently the amount of dry matter produced. P can also improve the rate of assimilate production per unit leaf area (Jacob and Lawlor 1991) , as it is involved in photosynthetic energy transfer processes. Hence, the increase in biomass with an improved P supply could be attributed to both the size and the efficiency of the assimilatory apparatus.
P fertilization increased seed yield. Several workers have reported similar findings for a number of legumes (Berg and Lynd 1985 14 , French 1990 , Bolland et al. 2001 . The yield advantage produced by applied P could be attributed to an increase in number of branches and thus number of reproductive nodes. This in turn increased the number of pods ⁄ m 2 , which demonstrated a strong correlation with yield.
The seeds of Dekoko were smaller than those of Ater. The number and volume of cells in the cotyledons determine the size of matured seeds in peas ( 15 Munier-Julian and Ney 1998, Lemontey et al. 2000) . Both are dependent on genotype and environmental conditions during cell division, and are the major factors that control seed growth rate and the final seed weight. The higher yield record of Ater than Dekoko was attributable to its higher seed weights, as the two other yield components were in favour of Dekoko. The lack of significant P fertilizer effects in seed weight and number of seeds ⁄ pod in both varieties in this experiment was in agreement with the findings of Marzo et al. (1997) in peas.
The nutrient content of a given organ depends on its sink strength for that particular nutrient (Jakobsen 1985) 16 . Nodules contained higher P than shoots and roots, indicating that they are strong sinks for P. P concentration in nodules was not much affected by fertilization and was in agreement with the finding of Yahiya et al. (1995) in chickpeas. The increase in nodule number with P may have a diluting effect, as P is known to stimulate nodulation (Sarkar and Mukherjee 1991, Ankomah et al. 1996) .
Genotypic variation and cultivation methods are some of the factors that influence the chemical composition of pea seeds (Marzo et al. 1997) . Cotyledon flours of Dekoko, for example, contained significantly more CP than those of Ater, and CP content was raised by P addition in both varieties. The increase in CP could be caused by improved nitrogen fixation. Our results are in agreement with the findings of 17 Sosulski et al. (1974) , Bressani and Elias (1980) 18 , and Marzo et al. (1997) in peas but are at variance with those of Henry et al. (1995) in peas, lentil and faba bean. Such variations in response to P could be a result of varietal differences or differences in growing conditions. TS, in both varieties, and starch, in Dekoko, declined with an increase in P application rate. The change in TS and starch content was collectively greater than the increase in CP. The demand for carbon skeleton and energy for protein synthesis could be responsible for the decrease in the concentration of these compounds.
P application slightly affected the amino acid profiles of Dekoko and Ater. One of these effects was the decrease in sulphur-containing amino acids, specifically cysteine in Dekoko. Such changes could be a result of an increase in the proportion of storage proteins, which are characterized by being low in sulphur-containing amino acids (Monti and Grillo 1983) . Holt and Sosulski (1979) in field peas, Bressani and Elias (1980) in beans, and Evans and Boulter (1980) 19 in beans and peas also indicated negative correlations between cysteine and total N contents. In general, the slight differences observed in amino acid profile could be ascribed to alterations in the proportions of the major protein fractions of legumes -the globulins (legumin and vicilin) and albumins (Gatel 1994) .
Conclusion
Dekoko had a lower LAI, biomass and seed yield than Ater. CP, fat and TS content were higher in Dekoko, while starch content was higher in Ater. P fertilization increased LAI, biomass and seed yield, the latter being attributable to an increase in number of pods ⁄ m 2 . P application increased CP more in Dekoko. However, the increase in CP was accompanied by a decrease in TS and starch. Cysteine demonstrated a decreasing trend with rising P rate in Dekoko. The lysine content remained largely unaffected. Therefore, because of its favourable amino acid profile, Dekoko can be a suitable complementary protein source for a cerealbased diet. Moreover, its early maturation can make it an important crop in areas where the growing season is too short for other CSFLs, and yield losses caused by terminal droughts are common.
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